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Abstract. The Daya Bay reactor neutrino experiment is located at the Daya Bay nuclear power plant in Shenzhen, China. The
experiment deploys eight “identical” antineutrino detectors to measure antineutrino fluxes from six 2.9 GWth reactor cores
in three underground experimental halls at different distances. The target zone of the Daya Bay detector is filled with 20 t
0.1% Gd doped LAB liquid scintillator. The baseline uncorrelated detector uncertainty is ∼0.38% using current experimental
techniques. Daya Bay can reach a sensitivity of < 0.01 to sin2 2θ13 with baseline uncertainties after 3 years of data taking.
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INTRODUCTION
Neutrino oscillation due to neutrino mass eigenstate mix-
ing has become a well established theory accounting for
the solar, atmospheric, long-baseline and reactor neu-
trino experimental observations in recent years [1]. In
the PMNS neutrino mixing matrix, we currently have
relatively good knowledge of the values of θ12 and θ23
from solar, long-baseline reactor neutrino experiments,
atmospheric and long-baseline accelerator neutrino beam
experiments. However, we still have limited knowledge
about the third neutrino mixing angle, θ13. The current
best direct experimental limit, from the Chooz experi-
ment, indicates that sin2 2θ13 < 0.20 at 90% confidence
level (C.L.) assuming ∆m232 = 2.0× 10−3eV2 [2]. The
Palo Verde experiment established an upper bound of
sin2 2θ13 < 0.4 assuming the same ∆m232 value [3]. We
currently have no measurements of the Dirac CP phase
δ in the mixing matrix since θ13 value is not known. The
value of θ13 is also essential for the planning of next gen-
eration long baseline neutrino experiments [4].
One way to measure the value of θ13 is to measure
survival probabilities of electron type antineutrinos from
nuclear reactors at the scale of the atmospheric mass-
squared splitting:
Pν¯e→ν¯e = 1− sin2 2θ13 sin2
(
1.27
∆m231L
E
)
,
where ∆m231 ≈ ∆m232 is assumed. This was the technique
used by both Chooz and Palo Verde experiments. How-
ever, both experiments only deployed one detector. To
improve the sensitivity, one solution is to use multiple de-
tectors at different distances to cancel correlated system-
atic uncertainties. With many other improvements, the
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Daya Bay reactor neutrino experiment is designed based
on this near-far strategy to measure the sin2 2θ13 value
down to < 0.01 level [5, 6, 7, 8].
THE DAYA BAY EXPERIMENT
The Daya Bay reactor neutrino experiment is located at
the Daya Bay nuclear power plant in Shenzhen, China.
The experiment deploys eight “identical” 20 t antineu-
trino detectors (AD) in three underground experimental
halls: the Daya Bay near hall (DYB), the Ling Ao near
hall (LA) and the far hall. Figure 1 shows the layout and
the arrangement of six 2.9 GWth reactor cores and 8 ADs.
FIGURE 1. The Daya Bay reactor neutrino experiment lay-
out. The four Daya Bay and Ling Ao I reactor cores are running
and the two Ling Ao II reactor core are coming online in 2010.
Each near site deploys two detectors and the far site deploys
corresponding matching pairs of the four near site detectors.
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Table 1 shows the baselines between different reac-
tor sites and experimental sites. Table 2 shows expected
numbers of inverse beta decay (IBD) events, the depth,
the muon rates and estimated backgrounds of each ex-
perimental site.
TABLE 1. Baselines in meters between reactor
and detector sites.
sites
PPPPPPPreactors DYB LA far
Daya Bay 363 1347 1985
Ling Ao I 857 481 1618
Ling Ao II 1307 526 1613
TABLE 2. Expected number of IBD events, the
hall depth, and expected muon and background rates
in each AD at 3 experimental sites.
DYB LA far
IBD Event/AD/day 840 760 90
Hall depth (m) 98 112 350
Muon Rate/AD (Hz) 36 22 1.2
Accidental B/S (%) < 0.2 < 0.2 < 0.1
Fast neutron B/S (%) 0.1 0.1 0.1
8He/9Li B/S (%) 0.3 0.2 0.2
DESIGN AND PERFORMANCE OF THE
DETECTOR SYSTEM
As shown in Fig. 2, the Daya Bay AD adopts a 3-zone
design. The inner-most region is the target zone defined
by a 3 m diameter and 3 m tall acrylic vessel (AV), filled
with 20 t 0.1% Gd doped liquid scintillator LAB (linear
alkaline benzene). Surrounding the target zone, 20 t un-
doped liquid scintillator LAB, held by a 4 m diameter
4 m tall acrylic cylinder, functions as the gamma catcher,
i.e. to catch the gammas from the reactions inside the tar-
get zone. Outside the gamma catcher, a 5 m diameter 5 m
tall stainless steel tank holds mineral oil, 192 PMTs, top
and bottom reflectors, radial shields and other supporting
structures. The 192 PMTs plus the top and bottom reflec-
tors provide ∼12% effective photocathode coverage. On
the top of each AD, there are 3 overflow tanks to accom-
modate any expansions or contractions of corresponding
liquids due to temperature changes and potential defor-
mations during transportation. Three automatic calibra-
tion units (ACU) are also placed on the top of the AD.
The ADs detect antineutrinos via IBD reactions, ν¯e+
p→ e++n. A 1 MeV cut is chosen to select the prompt
positron signal. The final state neutron in the target zone
has an ∼85% chance of being captured by a Gd atom in
∼28 µs. The excited Gd atom goes back to ground state
by emitting gammas with a total energy of ∼8 MeV. A
6 MeV cut is chosen to select the time correlated neutron.
The two cut values are established by the calibration sys-
tem. ACUs are instrumented with 3 calibration sources:
68Ge to provide positrons, 60Co and 241Am+13 C to pro-
vide 2.5 MeV gammas and∼4 MeV neutrons, and a LED
diffuser ball to provide signals to calibrate PMT gains
and timing.
The relative energy scale uncertainty of ADs is ex-
pected to be 1% and 2% at 6 MeV and 1 MeV respec-
tively. Figures 3 and 4 show the prompt positron and
the delayed neutron capture energy spectra and cut po-
sitions. The 1 MeV positron cut efficiency is greater than
99.5% and its uncertainty is negligible. The 6 MeV Gd-
captured neutron cut efficiency is ∼91.5% and its uncer-
tainty is∼0.22%. Adding all factors, we expect the base-
line value of the uncorrelated detector systematic uncer-
tainty ∼0.38%; the goal value of ∼0.18% is achievable
with ongoing R&D; swapping the ADs between near and
far sites is a possible option and it can further reduce the
uncertainty to ∼0.12% [7].
ADs at each experimental site are submerged in a
muon veto system which is a water Cherenkov detector
covered by four layers of RPCs. Dimension of the water
pool provides at least 2.5 m water shield to ADs in
every direction. Based on our simulation, the muon veto
efficiency is expected to be > 99.5% and the muon event
rate at each site is shown in Table 2.
To make ADs as “identical” as possible, we build
acrylic vessels and fill ADs in pairs. The assembly
of ADs is performed in the surface assembly build-
ing (SAB) near the Daya Bay tunnel entrance and the
filling of ADs is carried out in the LS Hall inside the
tunnel, see Fig. 1. A custom designed automatic guided
vehicle is used to move empty and filled ADs to differ-
ent halls and sites. For a more detailed description of the
Daya Bay detector system and its assembly, transporta-
tion and installation, see Ref. [7].
SENSITIVITY
The Daya Bay sensitivity is calculated using the pull
method [9]. Considering all systematic uncertainties, the
chi-square is defined as
χ2 =∑
A
∑
i
(
MAi −TAi −ηAf FAi −ηAn NAi −ηAs SAi
)2
TAi +(σb2bTAi )2
+
ε2D
σ2D
+
α2c
σ2c
+∑
r
α2r
σ2r
+∑
i
β 2i
σ2shp
+∑
A
[(
εAd
σd
)2
+
(
ηAf
σAf
)2
+
(
ηAn
σAn
)2
+
(
ηAs
σAs
)2]
,
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FIGURE 2. The structure of the Daya Bay antineutrino detector and the near site muon system.
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FIGURE 3. The prompt positron spectrum and the 1 MeV
cut. The upper inset shows the whole prompt positron spectrum
and the lower one is the tail.
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FIGURE 4. Delayed neutron capture spectrum and the
6 MeV cut. The ∼2.2 MeV peak is hydrogen capture.
where, MAi and T
A
i are the measured and expected IBD
events in the i-th energy bin of the A-th detector; FAi ,
NAi and S
A
i are the accidental, fast neutron and
8He/9Li
backgrounds; α , β , ε and η are nuisance parameters; r
is the reactor core index. Systematic corrections to the
expected number of IBD events in each bin is considered
in the following way,
TAi = T
A
0,i(1+αc +∑
r
ωAr αr+βi+ εD + ε
A
d ),
here TA0,i are expected IBD events without considering
systematic effects and ωAr are reactor flux weight factors
due to their different baselines.
Systematic uncertainty values used in the calculation
are shown in Table 3. The value of the bin-to-bin system-
atic uncertainty 0.3% is based on background estimations
in each bin [7]. We have assumed conservative uncer-
tainties on reactor antineutrino flux prediction [10, 11,
12, 13] and correlated detector effects, which are mainly
due to IBD cross section uncertainty [14]. Minimizing
the chi-square with respect to all nuisance parameters,
we are able to predict the Daya Bay sensitivity as shown
in Fig. 5 and Fig. 6.
TABLE 3. Systematic uncertainty values in sensitiv-
ity calculation.
Description Value
σr Uncorrelated core uncertainty 2.0%
σc Correlated core uncertainty 2.0%
σshp Spectrum shape uncertainty 2.0%
σD Correlated detector uncertainty 2.0%
σd Uncorrelated detector uncertainty 0.38%
σb2b Bin-to-bin uncertainty 0.3%
σf Accidental uncertainty 0.3%
σn Fast neutron uncertainty 0.3%
σs 8He/9Li uncertainty 0.3%
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FIGURE 5. Daya Bay 3-year 90% C.L. sensitivity as a func-
tion of ∆m231 value. The green band is the 90% confidence re-
gion of ∆m231.
FIGURE 6. Daya Bay 90% C.L. sensitivity versus data col-
lecting time. ∆m231 = 2.5×10−3eV2 is assumed.
SUMMARY AND CONCLUSIONS
The unknown third mixing angle θ13 in the PMNS neu-
trino mixing matrix is the gateway to CP physics in lep-
ton sector and the planning of next generation long base-
line neutrino experiments greatly depends on its value.
Using the six 2.9 GWth reactor cores at the Daya Bay
nuclear power plant in Shenzhen, China, the Daya Bay
reactor neutrino experiment deploys eight “identical”
detectors at three experimental sites. The near-far ar-
rangement of these eight “identical” detectors cancels
the correlated uncertainties in reactor antineutrino fluxes
and antineutrino detectors. The Daya Bay design makes
swapping ADs a possible option. With baseline system-
atic uncertainties, the Daya Bay experiment can reach a
sensitivity of sin2 2θ13 to < 0.01 with 3 years of data tak-
ing. Ongoing R&D and the optional swapping can fur-
ther improve the sensitivity.
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